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Gentlemen: 

Th i s  l e t t e r  r e p o r t  b r i e f l y  r i b e s  t h e  work performed on 
C o n t r a c t  Number NASw-962, of t h e  M e  hanism of 
Atmospheric I n t e r a c t i o n  of M e t a l s g d u r i n g  t h e  
p e r i o d  1 January  1965 t o  31 March 1965. 

1. P r o g r e s s  on Phase I 

During t h e  p e r i o d  under  rev iew,  approximate ly  50 f a t i g u e  
tests a t  f o u r  stress ampl i tudes  i n  t h e  r ange  8 , 0 0 0  t o  1 4 , 0 0 0  p s i  
were completed f o r  H14-1100 aluminum i n  t h e  p r e s s u r e  r ange  
0.6-4.0 x t o r r  (mean p r e s s u r e  l e v e l  2 x t o r r )  The 
f a t i g u e  tests were r u n  a t  c o n s t a n t  c y c l i c  r a t e s  of 2 5  and 50 c p s .  
During t h e  c o u r s e  of each  tes t ,  measurements of c r a c k  f o r h a t i o n  
and growth r a t e  were o b t a i n e d ;  f o r  s e l e c t e d  t e s t s ,  measurements 
of t h e  bending moment r e sponse  were t a k e n  t o  examine t h e  e f f e c t  
of r e p e a t e d  l o a d i n g  on t h e  y i e l d  stress. 

Taking t h e  y i e l d  stress of H14-1100 aluminum a s  about  17 ,000  
p s i ,  t h e  vacuum f a t i g u e  tes ts  were r u n  a t  f i x e d  s t r a i n  ampl i tudes  
i n  t h e  r ange  0.001 t o  0.002. Within t h i s  r a n g e ,  t h e  f a t i g u e  l i v e s  
v a r i e d  from approx ima te ly  4 x lo6 (&I3400 p s i )  t o  0 . 1  x lo6 cycles 
( k  13 ,500  p s i ) .  

S e v e r a l  i n t e r e s t i n g  r e s u l t s  were observed  i n  comparison t o  

The g e n e r a l  r e s u l t s  a r e  shown i n  
f a t i g u e  d a t a  t a k e n  a t  e q u i v a l e n t  s t r e s s - s t r a i n  l e v e l s  i n  u n i t  
a tmosphere  (7 .60  x lo2  t o r r ) .  
F i g u r e  1 which compare t h e  t o t a l  f a t i g u e  l i f e  NT of H14-1100 
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aluminum i n  a tmosphere and a t  average  2 x t o r r .  I t  is 
e v i d e n t  t h a t  t h e  vacuum environment s u b s t a n t i a l l y  i n c r e a s e d  
t h e  f a t i g u e  r e s i s t a n c e  by a f a c t o r  of  2 t o  5. I t  is note-  
worthy +ha t  t h e  e f f e c t  of va ry ing  t h e  c y c l i c  t es t  r a t e  a t  
2 x 10- t o r r  produced a n e g l i g i b l e  change i n  f a t i g u e  behav io r .  
A s i m i l a r  r e sponse  was n o t i c e d  i n  t h e  tests a t  u n i t  a tmosphere.  

I n  t h e  c o u r s e  of  t h e  vacuum f a t i g u e  t e s t s ,  t h e  c y c l i c  l i f e  
t o  produce a n  i n i t i a l  c r a c k  N 
t h e  specimen gauge 
a tmospher ic  d a t a .  These r e s u l t s  a r e  shown i n  F i g u r e  2 .  A t  h i g h  
stress l e v e l s  co r re spond ing  t o  r a p i d  f a t i g u e ,  specimens t e s t e d  
i n  vacuum showed e x t e n s i v e  c r a c k  fo rma t ion  w e l l  b e f o r e  e q u i v a l e n t  
t e s t s  i n  a tmosphere.  A t  low stress l e v e l s ,  c r a c k  i n i t i a t i o n  was 
somewhat r e t a r d e d  i n  t h e  vacuum environment .  The o v e r a l l  r e s u l t ,  
however, was t h a t  t h e  f a t i g u e  l i f e  t o  i n i t i a t e  a dominant c r a c k  
was somewhat i n s e n s i t i v e  t o  t h e  p r e s s u r e  l e v e l  a t  t h e  s u r f a c e .  

( t a k e n  a s  1% e x t e n s i o n  a c r o s s  
s e c t i o n )  w i s  measured and compared w i t h  

I n  c o n t r a s t  t o  t h e  r e s u l t s  f o r  N , t h e  compara t ive  d a t a  f o r  
N , t h e  number of f a t i g u e  c y c l e s  t o  p$opagate t h e  c r a c k  comple t e ly  
t z r o u g h  t h e  specimen,  shown i n  F i g u r e  3 , r e v e a l  t h e  major e f f e c t  
of vacuum environment on f a t i g u e  behav io r .  The p ropaga t ion  l i f e  
e x p r e s s e d  a s  N = N -N w a s  i n c r e a s e d  by f a c t o r s  va ry ing  from 5 t o  1. 11 over  equivayent  x$mospheric tests. 
f r equency  a t  2 x 10- t o r r  p r e s s u r e  d i d  n o t  r e f l e c t  i n  t h e  f a t i g u e  
b e h a v i o r .  

Changes i n  t h e  c y c l i c  t es t  

F i g u r e  4 summarizes t h e  r e s u l t s  o b t a i n e d  a t  a tmosphere and 
t h e  2 x lom7 t o r r  l e v e l  showing t h e  e f f e c t  of f a t i g u e  stress on 
t h e  c y c l i c  l i f e  r a t i o s  of NT and Np. 
ment was found t o  i n c r e a s e  w i t h  t h e  lower stresses. These r e s u l t s  
a r e  c o n s i s t e n t  w i t h  g e n e r a l l y  accep ted  f a t i g u e  mechanisms which 
p r e d i c t  a g r e a t e r  f a t i g u e  s e n s i t i v i t y  t o  s u r f a c e  c o n d i t i o n s  a t  low 
stress l e v e l s .  

The e f f e c t  of vacuum env i ron -  

A d d i t i o n a l  tests are now i n  p r o g r e s s  a t  a mean p r e s s u r e  l e v e l  
of 1 x lom5 t o r r .  
r a n g e ,  v a r i a t i o n s  i n  t h e  c y c l i c  test f r equency  do s u b s t a n t i a l l y  
e f f e c t  t h e  f a t i g u e  behav io r .  I t  is e s t i m a t e d  t h a t  tests a t  t h e  
sca le  w i l l  be completed by A p r i l  15, 1965. A f i n a l  series of  tes ts  
a t  10-3 t o r r  w i l l  t h e n  be conducted t o  complete  Phase I of t h e  pro- 
gram. 

P r e l i m i n a r y  r e s u l t s  show t h a t  i n  t h i s  p r e s s u r e  

* 

2 .  Phase I1 

I n  Phase I1 of  t h e  program, 
f o r  i n c o r p o r a t i o n  i n  t h e  Extreme 

a f a t i g u e  d e v i c e  is under  d e s i g n  
High Vacuum (XHV) a p p a r a t u s  
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developed at NRC. After numerous modifications, a design has now 
been approved which will permit simultaneous testing of up t o  
eight specimens at room temperature. Detailed engineering and 
design considerations are now being carried out for an integral 
liquid nitrogen cooled heat shield, electrical feed-through 
connections, bellows assemblies for pressure equilization and 
support flanges for the device. 

The electromagnetic vibrator to drive the specimens has been 
obtained and preliminary qualification tests of frequency response 
and amplitude control have been conducted. It is anticipated that 
the final unit design will be completed May 15, 1965 and con- 
struction started then. It is intended to conduct qualification 
tests of the test components including the electronic feed back 
amplitude control circuit prior to termination of the current pro- 
gram. 

Very truly yours, 

NATIONAL RESEARCH CORPORATION 

Monroe J. Hordon 
Program Director 

MJH/abb / 

Approved by 
Norman Beecher 
Assistant Director of Research 
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FIGURE 4 
VARIATION OF THE IMPROVEMENT RATIO FOR TOTAL FATIGIJZ 

LIFE AND PROPAGATIClN LIFE WITH APPLIED STRESS 


